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Dat e: 14 Novenber 1975
TG, E. H Bartsch
From M B. Wods
Subj ect : Water - Cal cul ati ons

Determ nation of mean velocity gradient C in open channels
and through sl uice gates.

The nean velocity gradient due to friction caused by flowis calculated by the
fornul a:

G=62.411
uT

wher e:

His the head | oss due to friction in feet
Uis the viscosity of water in pound-seconds/sq. ft.
T is the detention tine in seconds

The deternmination of Hin this formula presends a problemin critical areas.
Wi t man, Requardt and Associ ates has used the manning formula and cal cul ated a
friction slope. This approach can be used only in open channel flow with
constant channel conditions because the value of Sin this fornmula is the bed
sl ope, -dz/dx. The head | oss can be calculated fromthe frictions slope, -

dH dx. The only time these two values are equal is when flowis at uniform
depth, vy,

I n other words: ;dz/dx = -dH dx
ify =y,

However, if it is calculated at a constriction or a sluice gate then the
channel conditions are not constant or gradually varying and

-dx/dx = -dH dx

According to Dr. Wggort of VPI & SU, the head | oss through a sluice gate
woul d probably be negligible but the conditions downstream fromthe sl uice
gate, 1.e. hydraulic junp, would cause sone head | oss. He stated that an
orifice equation such as

may be appropriate. He then referred me to pages 202 and 208 of Open Channe
Fl ow whi ch indicated two types of discharge under a sluice gate. He said you
woul d have to know if the fl ow downstream of the sluice gate is "free outfl ow'
as on page 202 or "drowned outfl ow' as on page 208.

It is my conclusion that a direct neasurement and the use of the origice
equati on woul d be the sinplest way to calculate H. It should be pointed out
that use of the manning fornula is conpletely erroneous. This was al so

W ggert's opinion.
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DATE: 2 April 1976
TO Messrs. Sutherland, Brown, Capito, Conner, Haley and Hanmer
From E. H Bartsch
SUBJECT: Water - Design - Calcul ati on of Water Horsepower and Mean Tenpor al

Vel ocity Gradi ent Induced by a Mechanical M xing Device

In the past, the Bureau Policy in calculating water horsepower and nean tenporal velocity
gradient for a nmechanical mixer with a series of mxing paddl es has been to determine the
effective radius armto the centroid of the entire series of paddles on the m xing arm
This value was then used to turn to calculate the relative velocity of the paddles to the
velocity of the fluid. Recent information indicates that this nethod is not as accuratge
as calculating the water horsepower for each paddle on the m xing arm and addi ng them
together for the total water horsepower of the mxing device. Therefore, in the future,

it will be the policy of the bureau to use this nore accurate nethodol ogy for cal cul ating
wat er horsepower and nean tenporal velocity gradient. The follow ng equations are used in
t hese cal cul ati ons.

P = 1/2 CypAv?
wher e P = water horsepower (ft-IDb/sec)
Gy = coefficient of drag (dinensionless)
A = paddle area (square feet)
p = nmmss density of water = (pound- seconds/ square feet)
v = 2 (1-k) rn/60
wher e % = ratio of inpeller velocity to fluid velocity

= 0.2 - 0.3 (dinensionless)
effective radius to area centroid (feet)
revol uti ons/ mnute

q
I

Ther ef ore conbi ni ng these two equati ons
P =5.741 x 10* Cy p ((1-k)n)3 r3A

If a series of paddles are involved, then r3A is replaced with r3A

P 1/2
also G= uV
where G = nean tenporal velocity gradient (seconds™?)
V = tank volume (cubic feet)
U = absolute viscosity of water (pound-seconds/square feet)
Exanpl e probl em
n = 2.01 rpm
p = 1.938 | b-sec/ft?
G = 1.8
k = .25
| ength of paddles = 10.34
V = 5990 ft?
U = 2.1 x 10°° I b-sec/ft?

old nethod - calculate r and total A
I A
An

r =

(10.34) (6" 11.25) + 6" (3.25) + 6: (5.25) + 6" (7.25) + 6" (9.25)
10. 34 (307)

_‘
1

5.25 ft.

_‘
1



P = 5.741 x 10°* (1.8)(1.938)(1-.25)2.01)3 (5.25)2 (51.7)
P = 51.33 ft-Ib/sec

51.33 1/2
G = (5990)(2.1Ix107)

new met hod - calcul ate r3A for each paddle and sum
Then substitute into the same equation
r3A = (1.25)3%10.34) + (3.25)3%10.34) + (5.25)3%10.34) + (7.25)310.34)
+ (9. 25)3(10. 34)
13995 ft°
P 5.741 x 10°* (1.8)(1.938)(1-.25)2.01% 13995)
P = 96.02 ft-IDb/sec.

G = 96.02
(5990) (2. 1x10°5)

G = 27.6 sec.?}



